In untreated hyperthyroid patients, blood or serum iodine has been found to be above the normal range (1) . Whether this iodine occurs in a protein-like or an inorganic form has been investigated by a number of workers, employing a variety of methods (2) . Previously reported experiments from this laboratory indicated that most of the iodine was contained in the serum in the organic or protein-like form (3) . It was only after iodine salts had been ingested that readily demonstrable amounts of inorganic iodine were found in the blood serum of either euthyroid or hyperthyroid people. The present investigation deals with the behavior of the serum proteinbound iodine, during iodine treatment of 15 hyperthyroid patients.
In comparison with other methods, Somogyi's zinc sulfate precipitation (4) has proved a simple and effective technique for the separation of the iodine fractions, in 6 cc. aliquots of serum of patients receiving inorganic iodine. A study has been made of the effect on the serum proteinbound iodine of giving Lugol's solution to euthyroid subjects. The kinds of iodine containing compounds precipitated by zinc sulfate and sodium hydroxide have also been investigated.
REVIEW OF METHODS
Trevorrow (5) , Alpert (6) , and Lein (7) have all used Somogyi's zinc sulfate precipitation method for the separation of iodine fractions, but their investigations have not dealt with proteinbound iodine in serum of hyper-or hypothyroid patients. Trevorrow worked with blood after the in tntro addition of thyroxin or potassium iodide (5) . Alpert has used the filtrate from precipi- tated plasma for the estimation of diodrast iodine (6) . Lein has used filtrate for evaluation of ionic iodide after the intravenous injection of potassium iodide solution in iodide tolerances (7) .
The zinc sulfate precipitation method was selected because previously described methods for differentiating iodine fractions, such as precipitation with organic solvents, dialysis and precipitation of proteins with heat and acetic acid, were either inaccurate or time consuming. Trevorrow, after repeated and prolonged extraction of blood with ethyl alcohol, was able to remove completely all of the iodine from the insoluble protein fraction (with ethanol "30 to 50 per cent being removed in the first fraction, 30 to 45 per cent in the four hour continuous extraction and the remainder in the next 24 hours") (5). Boyd has recently confirmed these observations, that in blood the amount of iodine dissolved by alcohol depends on the efficiency of extraction (8) . Trevorrow also found that after 4 acetone extractions, each 1 to 12 hours in length, all of the blood iodine was soluble in acetone (5) . On the other hand Davison, Zollinger, and Curtis, who did not make such prolonged extractions with acetone, have tried to use acetone to fractionate the iodine in blood (9, 10). McClendon and Foster (11) employed methanol precipitation of blood iodine. It is probable, however, that with prolonged extractions methanol might be found to dissolve as much blood iodine as the ethanol and acetone employed by Trevorrow . From her work, it has been concluded that organic solvents do not separate potassium iodide or thyroxine from the iodine normally occurring in blood.
Bassett, Coons, and Salter precipitated proteins with heat and acetic acid to separate inorganic from "protein-bound" iodine. However, when the serum inorganic iodine was elevated, as after the administration of iodine to hyperthyroid subjects, there was a "spurious elevation" of protein iodine. They thought that this elevation might "be due to occlusion or adsorption and thus might be regarded as a chemical artefact" (12, 13) .
Riggs, Lavietes and Man (3) dialyzed blood serum and were able to separate potassium iodide iodine from serum iodine. However, this method was time consuming and would not be practicable for clinical purposes.
PRECIPITATION METHOD
Serum is precipitated with the reagents used by Somogyi (4) Lugol's and the number of days that elapsed between the time that administration was discontinued and the final determination of total iodine. Duplicate and average values for the total and precipitable iodines are given in order to show the agreement between the duplicates of precipitable iodine.
During Lugol's administration, the total iodines were enormously increased, ranging from 29 to 522 gamma per cent. In the first experiment, the serum total iodines before and several days after omission of Lugol's were 5.1 gamma per cent; the precipitable iodines were 5.6 and 5.9 when the patient had taken sufficient Lugol's to elevate the total iodine to 50 and 29 gamma per cent. In the second experiment, there was, just as satisfactory agreement between the total iodines of 5.0 and 5.5 gamma per cent before and after Lugol's, and precipitable iodines of 5.7 and 5.9 gamma per cent when total iodines were above 100 gamma per cent. In the last 4 experiments, with the exception of one aliquot of precipitable iodine of patient 2831, the serum total iodines after Lugol's agreed within 1.6 gamma per cent with the serum precipitable iodines during Lugol's administration. That the precipitable iodine of a euthyroid individual on Lugol's solution is the same as the total iodine when not taking Lugol's illustrates that this method for determining bound iodine is reasonably reliable.
Nature of iodine compounds precipitated by zinc sulfate and sodium hydroxide In Figure 1 are illustrated certain experiments with serum precipitable iodine and thyroxin, diiodotyrosine. and after giving desiccated thyroid by mouth. Values represent the iodine in the actual aliquots used, and are the average of duplicate determinations.
In the first 2 experiments, the precipitating agents were added to thyroxin solution in tenth normal alkali. Barred columns at the left represent thyroxin iodine; cross barred columns, filtrate and washings iodine. In the first experiment, only 0.88 of a gamma of iodine was recovered in the precipitable and filtrate iodines, although the original sample contained 1.22 gamma.
In the second experiment the water washings, shown at the top of the right column, were found to contain the iodine not recovered in precipitate and filtrate. It is apparent that in the absence of blood serum, prolonged washing with distilled water removed iodine from the precipitate.
In the third and fourth experiments, thyroxin solution was added to duplicate pairs of 2 different sera before precipitation. The amount of iodine in the serum is represented by the open column above the barred thyroxin column. In these 2 experiments, in spite of prolonged washing, total precipitable iodines were 93 and 94 per cent of the sum of the thyroxin and serum iodine.
In the fifth and sixth experiments, an aqueous solution of diiodotyrosine was added to serum before precipitation. Equal aliquots of serum alone were precipitated simultaneously. The iodine was determined in the precipitate and in the combined filtrate and washings of the serum alone and of the serum to which diiodotyrosine was added. The determined diiodotyrosine iodine was only 94.8 per cent of the iodine which should have occurred in the amount of diiodotyrosine (Roche) used. However, the diiodotyrosine had not been repurified or dried. Two different solutions of another sample of diiodotyrosine (Eastman Kodak Company) also gave only 91. 5 In experiments 5 and 6, the iodine recovered from precipitate, filtrate, and washings of the serum to which diiodotyrosine had been added, amounted to 95.9 and 93.8 per cent of the sum of the iodine originally in precipitate, filtrate, and washings of the serum, plus the diiodotyrosine which had been added. Analysis of the diagrams in Figure 1 reveals that the major portion of the diiodotyrosine was precipitated with the proteins; but precipitation was not as complete as that of thyroxin. In the precipitates were found only 83.3 and 85.2 per cent of the iodine that should have been expected if all the diiodotyrosine had come down with the precipitable iodine of the serum. In keeping with this, there was more iodine in the filtrate and washings of the treated than of the original serum. Since the quantity of diiodotyrosine added in the 2 experiments differed greatly, while the proportions of bound iodine were the same, the failure of the diiodotyrosine to combine with protein cannot be attributed to the excessive amounts of the compound used. In addition, it may be seen that far larger amounts of iodine were bound when thyroxin was added. It is impossible to reduce further the quantity of diiodotyrosine and have theoretical recoveries of significant accuracy. What physical or chemical factors enter into this reaction, so that only 83 per cent of the diiodotyrosine iodine was precipitated, are not known.
In the seventh and eight experiments, serum total, precipitable, and filtrate iodines were determined 2 and 24 hours after intravenous injection of thyroxin solution into a normal male. Precipitable iodines were 94 and 90 per cent of the serum total iodine. In the third, fourth, seventh, and eighth experiments, the filtrate iodines were all within the range found in sera of normal subjects.
In the last 3 experiments, total and precipitable *iodines were determined in the sera of 3 different subjects who had been receiving 3, 5, and 15 grains of desiccated thyroid per day by mouth. In the ninth and tenth experiments, after 3 and 5 grains of thyroid, the serum total iodines were still within the normal range and the precipitable iodines were 100 and 92 per cent of the total iodine. In the last experiment, after 15 grains of thyroid, serum total iodine rose to 14 gamma per cent, although prior to thyroid administration the serum total iodine had been 5.6 gamma per cent. When the serum iodine was elevated, the precipitable iodine was only 74 per cent of the total iodine. Whether inorganic iodine rises when large doses of thyroid are given orally cannot be confirmed until another patient can be given large doses of thyroid.
The data in Table I A92514 and B23831. In these 2 instances, the total iodines exceeded the precipitable iodines by 1.8 and 0.3 gamma per cent, while the filtrate iodines were 2.2 and 1.1 gamma per cent respectively. The precipitable iodine of B29589 was 3.6 gamma per cent lower than her total iodine, but the serum in small aliquots was precipitated several days after the blood was taken. Usually serum has been precipitated immediately. However, in this instance contamination from inorganic iodine was feared, and the remainder of the serum was precipitated to rule out this contingency. Since the filtrate iodines were between 1.1 and 2.2 gamma per cent in 5 cases, it has been assumed that, before iodine administration, total iodines would not exceed precipitable iodines by more than about 2 gamma per cent, and therefore in the other cases total iodines alone have been determined before iodine therapy.
Total iodines during Lugol's administration were determined in the sera of only 5 patients (B23831, B21125, B22239, B23799, and Pi). These total iodines were between 28 and 246 gamma per cent. Total iodines of the other patients were undoubtedly similarly elevated.
In all patients, except B29589, Pi, and B25107 who were studied before and after Lugol's, before thyroidectomy, precipitable iodines fell to levels below or just above the maximum normal serum iodine, 8.0 gamma per cent. B29589 had mild symptoms of hyperthyroidism, a basal metabolic rate of plus 20 per cent, and a serum total iodine of 10 April, 1942 . At the time of admission, her precipitable iodine was 30.1 gamma per cent. After 2 weeks of bed rest and administration of 15 drops of Lugol's daily, she showed some clinical improvement, although the precipitable iodine was 15.6 gamma per cent. A right hemithyroidectomy was followed by a stormy postoperative period. Eight days after removal of the right lobe, the precipitable iodine was still elevated, 12.4 gamma per cent. Two days later, a left hemithyroidectomy was performed. Nine days after this second stage operation, the precipitable iodine had fallen to 7.5 gamma per cent.
The precipitable iodine of Pi fell only to 8.9 gamma per cent after 49 days of treatment with 5 drops of Lugol's solution daily. At that time, he consulted Dr. Frank Lahey and Dr. Lewis M. Hurxthal. They decided to take him off iodine, but 2% months later he showed definite clinical evidence of hyperthyroidism. At operation, each lobe of the gland was enlarged to about 3 times normal size. B25107, whose hyperthyroid symptoms increased somewhat and who did not improve even after prolonged Lugol's therapy, had no diminution but a gradual elevation in precipitable iodine. At operation, a large, substernal thyroid was excised.
In contrast with the precipitable iodines of B29589 and B25107, which have just been discussed, are those of B23831 and B23799. After 6 days on Lugol's, the precipitable iodine of B23831 had fallen to 9.4, and after 11 days, to 7.0 gamma per cent. The precipitable iodine of B23799 was 9.8 after 4 days, and 7.3, after 11 days on iodine therapy. It is possible that the precipitable iodines of B21559, B21125 and B22457, which fell only to 9.6, 8.6, and 8.5 gamma per cent, decreased more before thyroidectomy because these precipitable iodines were determined 4, 4, and 9 days before operation. These data indicate that a fall to the normal range of precipitable iodine demonstrated a good response to iodine therapy. Failure of the precipitable iodine to fall after Lugol's administration corresponded with failure of improvement in patient's symptoms. If it is difficult to obtain satisfactory basal metabolisms, the behavior of the precipitable iodine is of diagnostic significance.
Six to 97 days after thyroidectomy, the total or precipitable iodines of 10 patients were determined. The serum total or precipitable iodines of B23831, B26309, B29589, A53613, B21360 and B23799 were within the normal range. A92514, 97 days after thyroidectomy, had a total iodine of 2.0 gamma per cent which was below the normal range, but there were no evident symptoms of thyroid deficiency. B21559, B22239 and B25107, 9, 9, and 10 days after thyroidectomy, had serum precipitable iodines slightly above the normal range. However, subsequent serum total or precipitable iodines in the sera of B22239 and B25107 were within the normal range. While these postoperative studies have not been made at frequent or prolonged intervals in any patient except A92514, the serum precipitable iodine seems to reach normal concentration about 2 weeks after thyroidectomy.
DISCUSSION
How long a^fter the administration of inorganic iodine the serum total iodine is elevated is a question which determines whether a total or precipitable iodine should be determined. In Table I , 2 euthyroid subjects, 2782, 2798, 2 days after Lugol's solution was stopped, had total iodines of the same magnitude as before iodine was given. One subject, 2831, who had the highest serum total iodine, 522 gamma per cent, has an elevated serum total iodine 4 days after Lugol's was stopped. Unfortunately, her total iodine was not determined again until 6 more days had elapsed. At this time, her total iodine was normal, 6.5 gamma per cent. Riggs, Lavietes and Man have already reported that a hyperthyroid patient, 4 days after omission of 15 drops of Lugol's solution, had a total iodine equivalent to the serum undialyzable iodine while on Lugol's solution (3) . These data indicate that, while 2 to 4 days may suffice for the elimination of inorganic iodine, after large doses more than 4 days but less than 10 days may be required.
The serum iodine values, in Table II , of hyperthyroid patients before treatment are in good agreement with blood iodine levels of untreated hyperthyroid patients, enumerated in an earlier article (1) . In blood, the normal range of iodine was found to be 2.4 to 4.2 gamma per cent (1) . Determination of the iodine in blood and serum demonstrated that, in the absence of previous iodine therapy, the erythrocytes contained practically no iodine (3, 15) . Assuming a normal red cell volume, the normal blood values of 2.4 and 4.2 gamma per cent would be equivalent to serum iodines of 4 to 8 gamma per cent. The blood iodines of 6.4 to 21.9 gamma per cent in the 31 hyperthyroid patients previously described (1) would correspond to serum iodines of 10.7 to 36.0 gamma per cent. The serum iodines of the 15 hyperthyroid patients in Table II , before treatment range from 9.4 to 33.7 gamma per cent.
That all of the 15 hyperthyroid patients in Table II had serum iodines above the normal range confirms the observation in the earlier paper that blood iodine levels are increased in hyperthyroidism. Before treatment, no definite relation existed between the elevation in serum iodine and the severity of exophthalmos. Six patients had no noticeable lid lag or prominence of eyes; exophthalmos was a definite symptom of B21559, B23831, B29589, A53613, B21125, B21360, Pi, and B25107. The average of the initial serum iodines of the patients without exophthalmos was 15.9 and that of the patients with exophthalmos 14.7 gamma per cent. It was reported previously that, even after prolonged hyperthyroidism, the blood iodine was elevated (1) . The serum iodine of B26309 is in agreement with this statement. Though this patient had had symptoms of hyperthyroidism for 3 years, her serum iodine was elevated to 10.7 gamma per cent.
SUMMARY AND CONCLUSIONS
A method for separating protein-bound from inorganic serum iodine by precipitation with zinc sulfate and sodium hydroxide has been described. The advantages of this method over previously published techniques have been discussed. The measurement of iodine in the precipitate by a modification of the permanganate acid ashing technique has been described.
The precipitable iodines of 6 euthyroid subjects, who had taken 10 to 45 drops of Lugol's solution per day for 1 to 7 days, agreed within 1.6 gamma per cent with the serum total iodines after Lugol's administration was stopped. Total iodines, before Lugol's, of 2 of these 6 euthyroid subjects differed by only 0.9 gamma per 100 cc. of serum from the precipitable iodines when the patients were on Lugol's. In euthyroid individuals, 2 days after cessation of iodine administration may suffice for the elimination of excess inorganic iodine from the serum, but in 1 subject, between 4 and 10 days were necessary.
In two experiments, after the in uitro addition of thyroxin to serum, the precipitate contained 93 and 94 per cent of the thyroxin iodine. After intravenous injection of thyroxin, the precipitable iodines were 94 and 90 per cent of the serum total iodine. Only 83 and 85 per cent of diiodotyrosine iodine were recovered in the precipitate when diio-dotyrosine solution was added to serum. After oral administration of 3 and 5 grains of thyroid daily, the precipitable iodines were 100 and 92 per cent of the serum total iodine, but after 15 grains daily the precipitable iodine was 74 per cent of the total iodine. It is concluded that this precipitate of serum contains at least 80 per cent of diiodotyrosine iodine and virtually all of the iodine in thyroxin or larger organic compounds of iodine.
Precipitable iodines of 15 hyperthyroid patients have been studied. The clinical diagnosis was confirmed in all these patients by pathological study of the glands. Before treatment with iodine, the serum total or precipitable iodines were between 9.4 and 33.7 gamma per 100 cc., distinctly above the normal range of 4 to 8 gamma per cent. In the first 5 patients, before administration of iodine, the total and precipitable iodines agreed within 
